INTRODUCTION
Latino youth are more likely to be at risk of overweight than white children, with 40.5 and 37.1% of Latino boys and girls (aged 12-19 years), respectively, being overweight ( 85th CDC percentile) compared to 34.5 and 31.7% of white children being overweight (1, 2) . Prediabetes and type 2 diabetes have emerged as signi cant health issues in overweight adolescents, especially among certain ethnic groups including Latinos (3) . Our group has shown that over 30% of overweight Latino children (aged 8-14 years) in the Los Angeles area have prediabetes (4, 5) and the metabolic syndrome (6) . While there are numerous interventions aimed at decreasing obesity (7) (8) (9) , few randomized trials address the underlying metabolic abnormalities, speci cally insulin resistance, in overweight Latino youth.
ere is evidence that modifying the quality of carbohydrates in the diet may be e ective for reducing obesity and improving glucose control (10, 11) . We have previously shown in overweight Latino youth (aged 19-17 years) population that high intakes of total added sugar and sugary beverages were the only dietary components associated with adiposity and poor -cell function (10, 12) . We also recently showed that in a 12-week, modi ed, carbohydrate nutrition education pilot study called ALAS (Adolescent Latinas Adjusting Sugar) conducted with overweight Latina girls (aged 12-17 years), resulted in a 5% reductions in BMI z scores and those girls with the greatest and Michael I. Goran 1, 5 Few randomized trials attempt to improve insulin sensitivity and associated metabolic risks in overweight Latino youth. The purpose of this study is to examine the effects of a modified carbohydrate nutrition program combined with strength training on insulin sensitivity, adiposity, and other type 2 diabetes risk factors in overweight Latino adolescents. In a 16-week randomized trial, 54 overweight Latino adolescents (15.5 1.0 years) were randomly assigned to: (i) Control (C; n = 16), (ii) Nutrition (N; n = 21), or (iii) Nutrition + Strength training (N+ST; n = 17). The N group received modified carbohydrate nutrition classes (once per week), while the N+ST received the same nutrition classes plus strength training (twice per week). The following were measured at pre-and postintervention: strength by 1-repetition maximum, dietary intake by 3-day records, body composition by dual-energy X-ray absorptiometry, glucose/insulin indices by oral glucose tolerance test (OGTT) and intravenous glucose tolerance test with minimal modeling. Across intervention group effects were tested using analysis of covariance with post hoc pairwise comparisons. A significant overall intervention effect was found for improvement in bench press (P < 0.001) and reductions in energy (P = 0.05), carbohydrate (P = 0.04) and fat intake (P = 0.03). There were no significant intervention effects on insulin sensitivity, body composition, or most glucose/insulin indices with the exception of glucose incremental area under the curve (IAUC) (P = 0.05), which decreased in the N and N+ST group by 18 and 6.3% compared to a 32% increase in the C group. In conclusion, this intense, culturally tailored intervention resulted in no significant intervention effects on measured risk factors with the exception of a beneficial effect on glycemic response to oral glucose.
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reductions in added sugar intake had a 7% improvement in insulin secretion (13, 14) . erefore, a modi ed carbohydrate intervention has the potential to reduce type 2 diabetes risks in overweight youth who have insulin resistance.
Recently, strength training has also been linked to improvements in insulin sensitivity in adults (15, 16) . Poehlman et al. (16) showed that a 6-month strength training study resulted in a 10% improvement in insulin sensitivity in nonobese young women (18-35 years) . While the study by Ishii et al. (15) showed that an intensive 6-week strength training intervention improved insulin sensitivity by 48% in sedentary nonobese type 2 diabetic adults (35-60 years). To our knowledge, we were the rst to demonstrate through a 16-week randomized pilot study called STEALTH (Strength Training Exercise for Adolescent Latinos To improve Health) that strength training signi cantly increased insulin sensitivity by 45% in overweight Latino adolescent males (aged 12-17 years), independent of changes in body composition (17) . However, this pilot study did not include nutrition education and was conducted only in boys.
e purpose of this study was to therefore conduct a 16-week randomized control trial to examine the incremental e ects of combining a modi ed carbohydrate nutrition education program like ALAS with the strength training regimen like STEALTH in high-risk overweight Latino boys and girls. ere were three intervention groups: (i) control, (ii) a culturally tailored, modi ed carbohydrate nutrition education program once per week, and (iii) the same nutrition education program with twice per week strength training. We hypothesized that the combination group would have the greatest reductions in adiposity and the greatest increases in insulin sensitivity compared to the nutrition only and control groups.
METHODS AND PROCEDURES Participants
Study participants satis ed the following criteria for inclusion: ageand gender-speci c BMI 85th percentile (18) , Latino ethnicity (i.e., parents and grandparents of Latino descent by parental self report), and grades 9th through 12th (14-18 years of age). Participants were excluded based on the following criteria: (i) were using medication or were diagnosed with any disease that could in uence dietary intake, exercise ability, body composition, or insulin indices; (ii) were previously diagnosed with any major illness since birth; (iii) had any diagnostic criteria for diabetes; or (iv) participated in structured exercise, nutrition, or weight loss program in the past 6 months. For logistical reasons, intervention groups were gender-speci c. Prior to any testing procedure, informed written consent from parents and assent from the children were obtained. is study was approved by the Institutional Review Board of the University of Southern California, Health Sciences Campus.
Outpatient visit
Participants arrived at the General Clinical Research Center (GCRC) at ~7:30 a er an overnight fast. A licensed pediatric health care provider conducted a detailed medical history exam and determined Tanner staging using established guidelines (19, 20) . Following the exam, a 3-h oral glucose tolerance test (OGTT) was conducted. is test included the application of a topical anesthetic to one arm and ~30 min later a exible intravenous catheter was placed in an antecubital vein.
Subjects then ingested 1.75 g oral glucose solution/kg body weight (to a maximum 75 g). Blood samples were drawn at baseline and every 10 min for 3 h (a total of 18 samples) and were assayed for glucose, insulin, and c-peptide. Fasting and 2-h glucose levels were used to determine normal or impaired glucose tolerance as de ned by the American Diabetes Association (3). ree-hour insulin area under the curve (AUC) and incremental insulin area under the curve (IAUC) were calculated from the OGTT data, in nmol/l/min.
Anthropometry and body composition
Weight and height were measured to the nearest 0.1 kg and 0.1 cm, respectively, using a beam medical scale and wall-mounted stadiometer. BMI and BMI percentiles were determined (CDC, 2000) . Whole body fat and so lean tissue was measured by dual-energy X-ray absorptiometry using a Hologic QDR 4500W (Hologic, Bedford, MA).
In-patient visit
Approximately 7-14 days following the outpatient visit, participants were admitted to the GCRC and served a standardized dinner and an evening snack. An insulin-modi ed frequently sampled intravenous glucose tolerance test (FSIVGTT) (21) 
Assays
Fasting and 2-h samples taken during the OGTT for clinical diagnosis were separated for plasma and immediately transported on ice to the Los Angeles County-USC Medical Center Core Laboratory where glucose was analyzed on a Dimension clinical chemistry system using an in vitro hexokinase method (Dade Behring, Deer eld, IL). Blood samples from all time points taken during the OGTT and FSIVGTT were centrifuged immediately for 10 min at 2500 rpm and 8-10 °C to obtain plasma, and aliquots were frozen at −70 °C until assayed. Glucose was assayed in duplicate on a Yellow Springs Instrument 2700 Analyzer (Yellow Springs Instrument, Yellow Springs, OH) using the glucose oxidase method. Insulin was assayed in duplicate using a speci c human insulin enzyme-linked immunosorbent assay kit from Linco (St. Charles, MO).
Dietary intake and strength assessment
At the outpatient visit, participants were given 3-day diet records to complete at home before and a er the intervention and were instructed to bring them to their next GCRC visit. Participants were given a short lesson (10 min) on how to estimate portion sizes and complete the diet records and were given measuring cups and rulers to aid in accurate reporting. At the in-patient visit, research sta clari ed all dietary records. Nutrition data were analyzed using the Nutrition Data System for Research (NDS-R version 5.0_35).
Upper-and lower-body strength were assessed before and after intervention by 1 repetition maximum (1-RM) in the bench press and leg press, respectively, using established procedures (22) .
Randomization
Allocations were concealed from participants until a er their in-patient visit. Sixty-six participants were randomized to one of three groups. Randomization was blocked by gender to achieve balance in randomization between genders. Siblings ( ve pairs) were randomized into the same experimental group (one in C, two in N, and two in N+ST), and data from both siblings was used.
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Description of interventions Nutrition education only (N).
Participants in the N group reported to the Veronica Atkins Lifestyle Intervention Laboratory once per week (~90 min) for 16 weeks for a culturally tailored dietary intervention. is dietary intervention was modi ed from a pilot study and speci cs are described in detail elsewhere (13, 14) . In brief, the dietary intervention targeted two goals: (i) 10% of total daily calorie intake from added sugar; and (ii) consuming at least 14 g/1,000 kcal of dietary ber a day. Participants received four individual motivational interviewing (MI) sessions throughout the 16-week program by trained research sta . MI is a client-centered counseling approach designed to enhance intrinsic motivation for behavior change by creating, exploring, and resolving ambivalence toward changing behaviors and habits (23) . Participants were given $25 grocery gi cards each week and transportation was provided to and from the classes if needed. Parent(s) were asked to attend a minimum of four classes and were taught the same curriculum separately from the participants.
Nutrition education plus strength training (N+ST).
In addition to the nutrition education class described above, participants in the N+ST group also received strength training twice per week (~60 min/ session) for 16 weeks at Veronica Atkins Lifestyle Intervention Laboratory. Training sessions took place on 2 nonconsecutive days per week and the nutrition education took place once per week. e exercise program has been explained in detail elsewhere (17) . In brief, the program was personalized and progressive such that the resistance increased as the participant's technique and strength improved. One day a week focused on compound lower body exercises (i.e., leg press and dead li ) and isolated upper body exercises (i.e., biceps curl, triceps extension, and shoulder press) and the other training day included the reverse (i.e., bench press, lat pull-down, leg extension, leg curl, and calf raises). A 3:1 child/trainer ratio was employed. In addition, the N+ST received a minimum of four group MI sessions by trained research sta in order to enhance intrinsic motivation for physical activity. Participants were also given $25 grocery gi cards each week and transportation to and from the classes was provided if needed.
Control group (C)
Participants randomized to the C group received no intervention between pre and postintervention data collection. A er post-testing, participants were o ered an abbreviated 1-month intervention, consisting of biweekly nutrition and strength training classes. No testing was done a er the abbreviated intervention.
Post-testing procedures
At the conclusion of the 16-week intervention/control period, participants returned to the GCRC for follow-up testing. e procedures were identical to those previously described in the outpatient and in-patient visits. e FSIVGTT test took place within 1 week of the last nutrition class and within 48-72 h a er the nal training session for the N+ST group to minimize the acute e ects of the last training bout on insulin action and glucose homeostasis.
Statistical considerations
Sample size considerations. Sample size calculations were based on results from the STEALTH pilot study (17) . Using a conservative estimate of the standard deviation of the insulin sensitivity change score, a sample size of 60 (20/group) had 0.80 power to detect a meaningful di erence >0.57 units in mean change in insulin sensitivity between the C and N+ST groups.
Statistical analyses. Across-group comparisons of baseline characteristics were conducted for evaluable participants using ANOVA to identify possible randomization imbalance. Except for 2-h insulin during the OGTT, no di erences were found. Subsequent intent to treat analyses found no di erences in OGTT related outcomes with and without controlling for baseline OGTT 2-h insulin as a potential confounder.
The overall effects of the interventions were tested for evaluable participants using analysis of covariance on the post-prechange score, a er controlling for pretest values and preplanned covariates. Change scores were evaluated for normality and transformations were made if needed. Covariates included age and gender, as well as outcome variable-speci c covariates based on theoretical and biological decisions. When signi cant di erences across groups were identi ed, post hoc pairwise comparisons with Bonferroni adjustments were conducted. Statistical analyses were carried out at the 0.05 level using the Statistical Analysis System 9.1 (SAS Institute Inc, Cary, NC). Figure 1 shows the ow of participants through the study. Of the 109 potential subjects (aged 14 to 18 years) who were available for consenting, 68 quali ed subjects were randomized to one of the three groups. Of these, 54 completed the program (evaluable participants), 16 in the C group, 21 in the N group, and 17 in the N+ST group. ere were no statistically signi cant di erences in baseline demographics, anthropometrics, or body composition measures between the 12 participants who dropped out of the program and the 54 participants who completed the program.
RESULTS
Evaluable participants in the intervention groups attended a minimum of 12 of the 16-week nutrition classes and a minimum of 28 of the 32 exercise classes. Evaluable participants in the N and N+ST groups received a minimum of four individual MI sessions and participants in the N+ST also received a minimum of four group MI sessions.
Participants were 15.5 1.0 years of age, had a Tanner stage of 4.5 0.8 and 52% were male. ere were no signi cant group di erences across the intervention groups in gender, baseline age, weight, BMI, BMI z score, BMI percentile, or Tanner stage for the evaluable participants (all P > 0.32). Table 1 presents the strength and dietary outcomes for the evaluable participants strati ed by intervention group. ere was a signi cant across group e ect for bench press (P < 0.001). Post hoc comparisons showed that the N+ST increased more than the C group (27 2% vs. 12 7%; P = 0.004) and the N group (27 2% vs. 2 3%; P < 0.001).
Strength and dietary variables
ere was an across group e ect for total energy intake (P 0.05), the N+ST group decreased their energy intake by 20 4% compared to the C group that increased their energy intake by 10 3% (P = 0.04). e N group had a 10 9% decrease in energy intake, although not signi cant from the other two groups. ere was a signi cant across group e ect for carbohydrate intake (P = 0.04), the N+ST group decreased by 18 5% compared to the C group that increased by 7 4% (P = 0.03). e N group decreased carbohydrate intake by 9 14%, but this was not signi cantly di erent from the other two groups. ere was also a signi cant across group e ect for dietary fat (P = 0.03), the N+ST group decreased by 24 8% compared to the C group that increased by 11 3% (P = 0.03).
e N group decreased dietary fat by 14 9%, although not signi cantly di erent from the other groups. ere were no signi cant across group e ects for dietary protein, total or added sugar or dietary ber intake. b P values were calculated using analysis of covariance. Covariates included: age, sex, dual-energy X-ray absorptiometry fat and lean tissue mass. Dietary variables included calories not attributed to nutrient-dependent variable as a covariate. Analyses were based on log scores for the following variables: protein, fat, total sugar, added sugar, and fiber.
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Means with different letters (c and d) across intervention groups are significantly different from one another using Bonferroni multiple comparisons (P < 0.05). 
When strati ed by gender (data not shown), there were several across group e ects for strength and dietary outcomes. For both genders there was an across group e ect for bench and leg press. For males, the N group had only a 3 4% increase in bench press compared to the 23 6% increase seen in the N+ST group (P < 0.001). For females, the N group had a 5 6% decrease in bench press compared to the 40 23% increase seen in the N+ST group (P < 0.001). Additionally, C females did signi cantly better (a 12 2% increase) on bench press than N females (P = 0.02).
For males only, there was a signi cant across group e ect for carbohydrate intake (P = 0.01), the N group decreased by 13 18% compared to N+ST who decreased by only 9 18% (P = 0.03). For females only, there was a signi cant across group e ect for added sugar (P = 0.05); the C females reported a 4 4% decrease in added sugar intake compared to the reported 16 3% decrease by the N females (P < 0.001).
Anthropometric and body composition. Anthropometric and body composition (dual-energy X-ray absorptiometry) data, across group e ects are presented in Table 2 . ere were no signi cant across group di erence for BMI, BMI z score, BMI percentile, or body weight (kg). ere were also no signi cant across group e ects for total fat mass, lean mass, or % body fat. However, for females (data not shown), there was a signi cant across group e ect for weight (P = 0.03), with the C group increasing by 1.3 1.4% and the N+ST group increasing by 0.6 1.5% (P = 0.02).
e N group increased by 1.1 1.3%, although not signi cantly di erent from the other groups.
Glucose and insulin indices.
e group e ects for glucose and insulin indices from the OGTT and FSIVGTT are presented in Table 3 .
ere was a signi cant across group e ect for glucose IAUC (P = 0.05), with N group decreasing by 17 19% compared to the C group that increased by 29 19% b P values were calculated using analysis of covariance. Covariates included: age and sex for all; dual-energy X-ray absorptiometry (DXA) fat was adjusted for lean, and lean for fat. While raw scores are reported here for all variables, analyses were based on log scores for weight and total fat. For BMI percentile, a transformation involving ln(highest value + 1)-Y was used. Table 3 . Sample sizes for insulin sensitivity (SI) and disposition index (DI) for the control group was n = 15. b P values were calculated using analysis of covariance. Covariates included: age, sex, dual-energy X-ray absorptiometry fat and lean tissue mass. AIR included SI as a covariate. While raw scores are reported here for all variables, analyses were based on log scores for all variables except fasting glucose.
c,d
Means with different letters (c and d) across intervention groups are significantly different from one another using Bonferroni multiple comparisons (P < 0.05).
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(P = 0.05).
e N+ST group also improved (reduction of 6 4%), although not signi cantly di erent from the other groups. ere were no other signi cant across group e ects for fasting and 2-h glucose and insulin, insulin IAUC, or for insulin sensitivity, acute insulin response, or disposition index measured by the FSIVGTT.
For females (data not shown), there was a signi cant across group e ect for OGTT fasting glucose (P = 0.05); the N group increased by 0.6 2.2 mg/dl and N+ST group decreased by 1.1 1.3 mg/dl compared to the C group that decreased by 3.8 2.1 mg/dl (P = 0.05).
DISCUSSION
We hypothesized that strength gains in the N+ST group, independent of changes in body composition, would result in signi cant improvements in insulin sensitivity, similar to what we saw in our pilot study (17) . Although we saw similar strength gains as in our pilot, ~30% (17) , these strength gains did not translate into improvement in insulin sensitivity. Other adult studies have shown that 10-30% increases in strength resulted in 10-50% increases in insulin sensitivity (15, 16) , which suggests that although strength gains are associated with increases in insulin sensitivity, there is no clear dose-dependent e ect of strength gains on insulin sensitivity. However, these adult studies did not include a dietary component and it is possible that the addition of the dietary component in our study diluted the e ects.
We hypothesized that changes in carbohydrate quality in the N and N+ST group would result in reductions in adiposity and improvements in insulin secretion, similar to our ALAS pilot study (13, 14) . Numerous cross-sectional studies have shown that ber and/or sugar intake are inversely associated with glycemic control and poor insulin action (12, (24) (25) (26) ; however, few intervention studies have been conducted that focus on reducing added sugar and increasing dietary ber. A study by Ebbeling et al. (27) found that a low glycemic load diet improved insulin resistance compared to a conventional low-fat diet in 16 overweight adolescents (aged 13-21 years). In this study, while neither intervention group signi cantly decreased added sugar or increased ber intake, there were signi cant reductions in overall carbohydrate intake. e reductions in carbohydrate could, in part, explain the signi cant decrease in the glucose IAUC. In addition, females in the intervention groups did not gain as much weight compared to the C group, which suggests that reduction in carbohydrate intake, regardless the quality, may have contributed to less weight gain in females but not males, similar to what we saw with the ALAS pilot. ese ndings also highlight the need to further explore the response to intervention as a function of dietary compliance.
It is important to note that there were several improvements in insulin indices across intervention group, although not signi cant. e N and N+ST group decreased 2-h insulin by 32 and 18% compared to a 24% increase in the C group. Insulin IAUC also improved, with the N and N+ST decreasing by 20 and 25%, while the C group increased by 9%, although not signi cant. With a larger sample size, these improvements in insulin indices could have reached signi cance.
ere are several possible explanations for the null ndings in insulin sensitivity and adiposity parameters of this study. Although we hypothesized that the di erent interventions would be additive, intervening on multiple behaviors may not be optimal. Research suggests that the number of behavior targets is inversely related to the magnitude of the intervention e ects for obesity (28, 29) . Speci cally, an intensive nutrition and strength training program may have attempted to change too many health behaviors and therefore diluted the potential e ects. Although little is known about the e ects of energy compensation in response to exercise in children, research in adults has shown that when individuals exercise they o en compensate with increased energy intake (30) or reduced physical activity outside of the training session (31) and this compensation is even more pronounced in females (32, 33) .
us, the participants in the N+ST group may have altered their intake in response to the exercise throughout the program. Subsequently, the diet records collected a er the intervention would not really re ect this acute compensatory intake.
Alternatively, the dose and the duration of the strength training intervention, two times a week for 16 weeks, may not have been frequent or long enough to see improvements in health outcomes. e American Academy of Pediatrics, Council on Sports Medicine and Fitness, recommends a frequency of 2-3 days a week of strength training for at least an 8-week duration (34) . A 20-week intervention study conducted in obese, prepubertal girls showed that strength training three times per week resulted in improvements in intra-abdominal adipose tissue and insulin indices (35) . Although, strength training two times per week for 16 weeks in STEALTH program resulted in improvements in insulin sensitivity in males, strength training 3 days/week for 20 weeks may be more optimal for females.
In secondary analyses and subsequent papers, we intend to assess whether there are di erences in compliance across intervention group. Although participants attended at least 12 of the 16 nutrition classes and at least 28 of the 32 exercise sessions, we may stratify the participants into lower (12-14 classes) vs. more (15-16 classes) in order to assess changes in health outcomes. We also intend to evaluate compliance in regards to dietary intake strength and/ or physical activity levels in subsequent analyses. We are currently examining whether dietary compliers, those who reduced sugar intake and increased dietary ber, had more improvements in insulin indices and adiposity parameters compared to dietary noncompliers. In future analyses, we will also assess whether participants who increased their strength and physical activity levels had greater improvements in adiposity and metabolic parameters compared to those who decreased their strength and physical activity levels. In addition, the motivation of the participants must also be considered. Motivational questionnaires that were administered pre-and postintervention will be useful in identifying the potential mediating role of motivational factors on health outcomes.
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One potential limitation to consider relates to the small sample size. Although, the power calculation showed that we would be able to detect signi cant di erences in change in insulin sensitivity across intervention groups, this calculation was based on pilot data from only boys and the intervention did not include a nutrition component. In addition, this study was not powered to detect di erences in gender and a larger sample size would have allowed for better exploration of gender di erences across groups.
In conclusion, this intensive, randomized control trial, designed speci cally for overweight Latino teenagers based on previous successful pilot studies, did not result in the expected adiposity and metabolic improvements. ese ndings highlight the need for either di erent or stricter dietary (i.e., more aggressive modi cation of carbohydrate intake) and exercise (i.e., increased dose, duration, and intensity and di erent modality) approaches to elicit improvements in adiposity and metabolic parameters in this high-risk population. ese ndings also emphasize the need to further investigate the intervention response as a function of dietary, strength, and physical activity compliance, the potential mediating e ect of motivation, and whether intervening on multiple health behaviors is optimal.
